High concentrations of crude oil are toxic to cyanobacteria but can facilitate the 14 emergence of cyanobacterial aggregation at an appropriate concentration range; 15 however, the exact inducing factor has never been clearly elucidated. We 16 hypothesized that increasing exposure to elevated concentrations of nitrogen would 17 inhibit the accumulation of cyanobacteria in oil-contaminated sediments. To test this 18 hypothesis, we simulated an oil spill in estuarine sediment microcosms with and 19 without the removal of nitrogen limitation by supplementation of exogenous nitrogen. 20 An integrated MiSeq sequencing of 16S rRNA gene analysis along with 21 metatranscriptome sequence was performed to achieve a comprehensive study of 22 cyanobacterial blooms. The number of cyanobacterial sequences increased over time 23 in both oil-contaminated and non-oil-contaminated sediments at different time points 24 after 42 days of incubation. And, supplementation with a nitrogen resource could 25 accelerate cyanobacterial blooms under uncontaminated microcosms but delay the 26 bloom phenomenon and reduce the cyanobacterial abundance to a great degree when 27 exposed to oil. Our results clearly illustrated that nitrogen limitation was a vital driver 28 of the increased abundance of cyanobacteria in oil-contaminated mesocosms. In 29 addition, the abundance and compositions of blooming cyanobacteria varied 30 significantly among the different treatment groups, and Oscillatoria may play a 31 potential and non-negligible role in oil-contaminated mesocosms. 32 33 3 IMPORTANCE 34
sediments.
filters), samples were taken to the laboratory and analyzed within 24 hours after 120 sampling according to standard methods (EPAC, 2002) . 121 The total nitrogen (TN), total phosphorus (TP) and total organic carbon (TOC) of 122 sediments were measured by the Kjeldahl method, molybdenum blue method and 123 spectrophotometric method with potassium dichromate, respectively. Metatranscriptome library preparation and sequencing 155 One microgram of total RNA with an RIN value above 7 was used for the following 156 library preparation. Next-generation sequencing library preparations were constructed 157 according to the manufacturer's protocol (NEBNext® Ultra™ Directional RNA 158 Library Prep Kit for Illumina®). The rRNA was depleted from total RNA using a 159 Ribo-Zero rRNA Removal Kit (Bacteria) (Illumina). The ribosomal-depleted mRNA 160 was then fragmented and reverse-transcribed. First-strand cDNA was synthesized 161 using ProtoScript II Reverse Transcriptase with random primers and actinomycin D.
162
The second-strand cDNA was synthesized using Second Strand Synthesis Enzyme Raw shotgun sequencing reads were trimmed using cutadapt ( v1.9.1 ) .
182
Low-quality reads, Nrich reads and adapter-polluted reads were removed. Then host 183 contamination reads were removed. rRNA reads were repeatedly removed using Universal primers for nifH (18) were used for amplification of DNA, with an initial 210 denaturation at 94°C for 1 min; followed by 40 cycles of 1 min denaturation at 94°C, 211 2 min annealing at 57°C and 2 min extension at 72°C; with a final step of extension 212 for 5 min. For samples that produced the appropriately sized product, the band was non-oil-contaminated microcosms than that in the oil-contaminated microcosms and 276 in samples from the ON group earlier than those from the OO group. However, it 277 seems that cyanobacterial 16S rRNA genes from the oil-contaminated treatments did 278 not show a significant difference in response to an increased concentration of nitrogen.
279
After 42 days of incubation, the cyanobacterial 16S rRNA gene levels all rose rapidly. Table S1 . compared to others at day 26 (Fig. S3 ). It seems that oil was shown to have a driving 371 role in dinitrogen fixation in oil-contaminated sediment microcosms in this study.
372
To our surprise, sequences related to nifH from cyanobacteria were only 373 amplified from the oil-contaminated microcosms and constituted 11.9% and 5.56% of 374 the CO and CN nifH library, respectively (Fig. 3) . In addition, the cyanobacterial 375 sequences obtained in these two nifH libraries were closely related to those of Marinobacterium lutimaris, reported to be capable of nitrogen fixation as well as oil 389 degradation, were detected in nifH libraries (Fig. 3 ). However, it seems that the 390 nitrogen-fixing capacity of hydrocarbon-degrading bacteria was not expressed during 391 growth with hydrocarbons but only with polar substrates (29). In addition, several 392 species of cyanobacteria were reported to show a high tolerance to oil and could 393 participate directly in oil degradation as hydrocarbon degraders (8, 9, 27, 30) . 394 Therefore, the increased abundance of cyanobacteria may result from the need for 395 hydrocarbon degraders in oil-contaminated mesocosms. However, the relative 396 abundance of cyanobacteria increased at a low speed when rapid hydrocarbon 397 21 degradation was exhibited during the initial 19 days (Fig. S1 ). Thus, a correlation 398 between cyanobacterial abundance and hydrocarbon degradation was not observed. 399 Many other studies have revealed that cyanobacteria themselves apparently could not 400 degrade petroleum compounds directly but were more likely to play a significant, 401 indirect role in biodegradation by supporting the growth and activity of symbiotic 402 degraders (11, 31). In conclusion, the demand for hydrocarbon degradation was 403 distinctly possible to be a minor factor for cyanobacterial blooming in 404 oil-contaminated mesocosms. 406 Previous studies have estimated that populations and communities in the environment 407 might be directly and/or indirectly affected by exposure to crude oil (22, 32, 33, 34) .
405

Comparison of cyanobacterial communities
408
In general, nutrients are thought to be the most important environmental factor 409 influencing the growth of phytoplankton. As above, both crude oil and nitrogen can 410 influence cyanobacterial abundance, but currently, there is little understanding of their 411 potential ability to regulate changes in cyanobacterial community composition. Our 412 previous study showed that the phylotypes Leptolyngbya, Oscillatoria, Arthrospira 413 (Spirulina), Geitlerinema and Cyanothece were dominant in the oil-contaminated 414 sediments (21). In this study, the genera Synechococcus, Oscillatoria and 415 Leptolyngbya were the most abundant taxa with high abundance, and these genera 416 were present in all sampling mesocosms in the presence and absence of oil according 417 to metatranscriptome data (Fig. 4) . Strains of Synechococcus, a globally highly over-enrichment nitrogen in oil-contaminated sediments (Fig. S6) We observed large increases in cyanobacterial abundance among all treatment 
